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STATUS Of I OO CL 1 l 9'

1.Watvrlottu4ce, Pi~t 4 xrrel iooL it a ft ev lotito~,. t,

from the Arua f'amily, Aracea It it ChArA,ý b Y a t r. lo ;vo'I

short stem where the leaves attach in vhora b T._ pla3t to a di,

tight yellow-green to grAy-groon color~.tion 'ýti Icv o ~ * Vat; t10' 4,Vr

fine pubescence and are typically etlarged btasa!y" btry 0-ýo fut, Cf rvict

chyma cells, This enlargemont and the woll-doveolpod ay*,v vv~ik

together to MAifttAin Plant huOyAnCY Vhilo thr of *,1't o

occurs vegetatively whoer daughter p~lont a*t produt-ad v-ia a-.. otzv ~

reproduction is now knownn to occur in the Vnirtd Statoo ;t*' atrd cv',ar

1990). The plant has one ot the highoot prod,¢4t1vity tat ! grltr, v-z,.

and minimal numbers of plants can quickly roproduce a*Pd covor aon pt•,ýjj valot

body. In the United State*, waterlettuce uxuall•y forwa dot-* filatit 1g *ai¶
where individual plants are highly intortwlriod, forming an kat

barrier.

2. Waterlettuce is mainly distributed in tropical and goaittoFlra

regions of Africa. southern Asia. southern United States. thp %ouihort• vrt4ot-'

of Central America. and South America, as well a# the Caribbean 4Holm ot ^I

1977). Its extreme cold intolerance appears to severely limit its d4l'rih,;-

tion in more temperate regions In the United States. vaterlettu'ce i# 1imited

to southern Florida. Louisiana. and Texas It can be found In most *In-w-

moving or stagnant water bodies. including canals, bayous, streams. p rnd,. an4d

lakes.

3. The high productivity of waterlettuce and its ability to frýrm large

impenetrable floating mats can cause many problems (Holm et al 19771 Novi

gation is severely curtailed on water bodies containing large lnfostatinn; of

waterlettuce. This, in turn, can reduce recreational uses. Waterleett'je can

block water intake valves where industrial and local municipalities receive

water supplies. Water losses appear to be higher where waterlettuce infes-

tations occur because of increased evapo-transpiration through the leaf

surfaces. Waterlettuce has been shown to impact aquatic or semiaquatic agri-

culture, includi g rice (Bua-ngam and Mercado 1975). Distinct changes in

water quality have been documented in areas beneath or near waterlettuce mats
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(Attiou 1976). These tnctu~dt 1o-4vtc pH aft. d!tQY,

in wat ear qua lit y can havo 4 s n#,Ititialt k: la I t4t,, V pOt

particularly under ctditiont ot hig tempvratkite

4, Another 6coiomlc~tlly lmplortaInt prubtlasC~c by tl~c pcvcV

waterletruce is the forsAtion of Aft td*Al aosquitu bitcditig ,-ibti ct

aI, 1977)ý While other tlvsting AquatIc plAut ca ' In tn*apc,"Y

wterlettuco apparently 4tt rAct, high itubeg of *pcvtaacapbA t~ iV

transmission. For exatapi, w4terl•ctuce ,,.itnu z5. it-, tf ý

genera invonsa and A iphex (Cdorgo 19-,S),y Sb .pa4r c h o~ b t~u• # .

have been shown to trAo•gni the causative sgewo. t'

tis, and rural filAriasiw HOOVeer, h~tborare ta vv he oriyatnn.i it- in 4

water.ettuce tncrease% popy .tLg n leearhe of rs' CIArKnV* c $ aIc

System Of c aterletttwe a1so Pbooicad Y tgstIA lip larvrae a it•a• h tot f X$frt

uptake. Larvae have pointed air ruboa that. eniAble the* to V1*.*cVa

roots for Pnygon uptake (1s"s and HArvo•ahd 19n oA

5. because of the msaniold probloea* *vsocistvd vtth vatig'4r

infestations and difficulty in treating Wai ioog vdth herbid•e• ,

researchers began to search for viable wa tidat w ro t r *o, trxaio tro1 a•r*0..

7dr for the control of oterl•et • •e alt -tle idntifieda •VAS t•e

of Insect biocontrol agents.

6. During the early I'Os I. researchers in ArgentitNa Identified a

potential candidate for btological control of vel e t he followinyeer Vvil e•'h

droedoumts afionso Hustache (9etoach. De8poech and Cerdo lthrAfter rarpoit.

ing considerable work on the inotects basic biology and offica'v, thete

researchers concluded that the weevil was ideal for use As a hiorontro'l agent,

7. Researchers from the Commonwealth Scientific and induAtrial Reoxarch

Organization imported M. affinis into Australlsn quarantnein In 191 (Harley 01

al. 1984) and subsequently made, field release& the following yrear Vatvrietý

tuce reductions of 100. 93. and 82 percent were achieved at three reservoirs

in only 20 months.

8. Using information on host specificity gained in Austr#1ia,

M. affinis was brought into United States quarantine in 1985. Ikuilding upofn

the host specificity testing done by the Australians. United States testing

was finished relatively rapidly, and permission to field test N. offinis wAs

subsequently obtained in 1987 (Dray et al. 1990, Habick and Thompson, In

Preparation).
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9, The first releae oat X Ar- Ifituif u.t V!`-d stat I t

Kreamer Island on Lake Ok echobee (PI* Beach aOt*nty/, Y, H "1, AjllI ;'

(Dray et al. 1990). Approxiamatcly 2,3W ir~ Itki!dka '*c tI- i t

period April 198 through JacuAry 196B A•1 tik.oIAI a tc.'wt.. aa 61.d

date, N. affinis has been rele~sve or mor thAn go ;iitcb ti

(Center and Dray, In Preparation)

10. Noohydronooxi* atfirt;s po Iltton dyn..Asica ai4- I'I tt arie

tuce levels appe. r to be correlated For OAAXPde. af VfVAA~t tA"4.

minimal numbers of N &thtl* aoccurred tor the fint ct aftez t in,

tial release. During these 20 months, po ant coverofa thtvp1caIj t411-O at

betwaeen 60 and 90 percent. Iovwvevr. with Lse ~ vcit e~aanw I% thm y. ~p'41&

tion of N. aft Lni popularltio n~uabert during Janta.Azy 1919 thro.ti~ Kov491

significant decreases in plant coverage resulted etrotlr• VA'aye• tt"

coverage remains belo percent 4t this site iDratyJ t 41 t4#0 1-if C

saterletouce has been elrmintod fr.o thre. out of the fuur

release sites.

11. Because of the apparent purcces of using Xtensive inre Vlre dA

research was initiated to study the ptotntial us# of this opoiclos In an

and Texas, Specifically, areas in Loutesina hnd Texas vore hurvbyd in 'ctr

effort to qualify the impact native insoct sperios have on vaterlvttue Infect

tations before making large-scate release* of N affinis Trheo fnrvInAa a

summary of the findings from those survoysU

f1it thRd n aell

12. During the spring and summer of 1990. extensive surveys vere con.

ducted in Louisiana and Texas to determinie the kindq of nativp herbiv-ormnis

insect species impacting waterlettuce populations The survvys were sqiwilar

to those conducted in Florida during 1.986 (Dray et al. 1988) and vere consid-

ered an important step prior to the release of N. affinis in those areas,

*Persor~al Communication. F. A. Dray, United States Department of
Agriculture-Agricultural Research Service (USDA-ARS). Aquatic Plant Manage,
ment Laboratory, Fort Lauderdale, FL.
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13. A total o ut1 76trch it :ýý4hctrt~~~.~~a2.

waterlettuce were bxaminia~d durttt~ 1490 atýd lic lczVC1

located from imme~diately tatit o± New urlo~n6 v,

And south to L caast.v kRc!oe atLd Vce~t 4nd A W !c

cations wert eXam It ed Xueth of ýthc t Zf a•t1rer l j ti va. l

obtaitned eroi o poro intde, ot the LS Artay ivUef Dtatt ¶+ clw I C a

triact, CAgiVutOr. and Tet ha a Unerk And 'Wildlifw I Jah v.-cd VII

sites to contain w~ter. Dauc Theb% rat-,g e °h o Un A r! t-, c u t ý • •

j ust southvsst Of H4OUIZtn, TX Tte V-p atirzotýý. Verr. W!"l-

of those rOCaind At brAZ0% Ne-d 'ntare F40t

fromct surey coanduced n Lord

15. At each site, near le hioe ar.tu vcr r rr*-,'c4 4-¶ , l

tred for signs of damage %S41prct Ituxect veri'.,rc -owrd -,-a i

oIn 0 percent ethanol, i nd s trnpeors d lo ther tiS A-*-,- fnr 3•th: Val-lVA)ý

Experiment Station for I9ent IA (cal Ion If a rspociftir lf a 10f1- (,

be obtained, representative %prtbon.h veot sant io f-D: cit r!' so a o•

taxon, For the aquatic voevils. %pecimens wore enotl Trs 1t~r~s~eW

Florida Agricultural 4nd MtrhAtiical Untivrsity At Ta1?shrao4, #q.3uati "ri 1

doprera were sendo Dr.pDale adjent to 'ber Ual a4-4e fnothere writ4, tnrid jl

For the remaining tA5 A specin . names were t 1vi n h ated onr infovAtd or •ain

from surveys conducted In Florida.

16. For several sitpg near Thibodaux, I.A. wnore 1,untitatlvo 0,1, 1W.S10

of plant status and insect leveld were determined for 3 ronthng dfrain, the

summer and fall of 1991, A total of four replications were ftakn. from 0earb

site. For each replication. at both CThoctaw and Winn-tDixto sitps- two 0 ")=

frames were randomly placed adjacent to one another within the Aifte, andi All

plants that were 50 percent or more within the frame were removed For 0fl-,

first frame, all plants were counted and their biomsass partitioned Into Abnve-

water. below-water. and total dead material. For *he remaining fra-me, plants

were counted and placed into large Belese funnels for extraction of tnsert.s

After the plants were totally dry, the extracted herbivorous insects were

quantified, Two parameters were calculated from the previously mentione(.

information--weight (grams)/plant arl number of weevils/plant.
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IL A majority ot the t~itbb ex~.ift-d. it' Ub,:i L-1%3. af.lt

contained watrvt 1Wci tht~t Appedred~ tob d~z-agod tý <zWý

extent. The Mott (Zommoti dU 4 ge th vltt t ~ ,!

ded, I eo irreguia4ly bhAped t'AC Xtf1!t t<'1' 2hlC

leat veins At bIev~rrl dit'i, th~a planý ~* h I arge trFa f !*ýk xC

toward 'he I*Af martitt 'fl i 4me d4* rV c ,4~- isvdt c*

insect htrbivorv%, S.iimea avmuir1 t- 5 iiai at4 v a: L Me z

m~dtum-iiz.td moth lArv~o oppe~ 4'et v1itcfi xzitat' a*a.c

MnUivtLPL1±4li$ the M ht COMIS~f, Vw* t as"ftd 4k, ý4)Pa-It, t

('rabLes I and 21 It W4" tr-Vqti4Vt g C

as Indicate~d eArlie, KA, th pl.-Att All 4VP0A Z ! U -

was fOUnd, the ptAtS W*t hCAY;t i dA.3A4V4 D*2s4fe WA- Zt 4fA":

hole in tt,,# te~f warfin, whiih Aare %;v- ou v~ a f, vC

ing for the larvA,, 1honr s 'prcr rvilorl <-4ni ca!.r.4-da~A4~

entirely on waterietru'w0 ýKnopf And Hal).ý 19,0 ý] :)' ýA A ; 4- c

19791. both S mt 1tiplicnis And S obip~t wmpfý ! , ,

out southern Florida (Dray ~r '1)9fN t.f#~ t

Lou Is Iana. and Texns I nd [cA r t hAt wh I I ho th *Vvr~ o a Aii ! - r C 4

age to watertettuce, they rarely catusr der'f nn o r t r, ;n,ý ,

numbers.

18. The remuaining *ImpcrtawTJ* lnrecr horblwrvx f o-o;n on ~!!;'

are most likely transient species that dn notu~ 1i fe on AP.letr

For example. the two weevil npecies. Tanvrspvrru ;e~ and

sus, are known to feed and develop o)n Lew* minor Anid S*O-Ai#4 qsp

tively.* These weevil species are most Itkeiy tas.n the ilkPI'eV

reason for their appearance on waterlettuvcp Is that hoth '- mi-r~ ard ~-m

sp. are often found in association with vatprlpttuce Howverp, hoth lngrt

species have been observed to feed on waterlettuce, ;iltho-uvh dam~age vasr.la

tively minor compared with the two moth species.

19. The surveys also documented that large numbers of DraeriiacephalA

inscripta (leafhopper) and Rhopalosiphum nvmphoeae (aphids) were ro-aon, rŽnlv

*Personal communication. Dr. C. O'Brien, Florida Agricultural anA MlechandcAj
University, Tallahassee, FL.
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i 2t p0 C + t% C )o~r C.,•=• • •'<..•: .C ".. < . . V• ' C.~•: •-. .• •' :•• C C

mnif~ ~tcedttýutýAr ~L~!

tlw pdp C~e -'A a4/~ ý' r~C -', 4 qc *. C z r. cc'

r l l ct Jikd d'ir Li tz~t r- -4 f e-z:

t ~ ~ , tie, t Ct I t.h a~rC 1 .Y hir tC -4 1, n h.;421 i

011-i ite -vat C~lA1~Vr 5.d !~ ;t

to haive N +itt :)n • ptesentm, 1v, •'h'+a~v St#ou"kyat4 i++, at+ >€+ t ach -+• •+•t•t+

[.A0 ske rv4y. vhll- N +ift,-t+. wa not to+1e ed R' c "

Insect numbers rVged from I00 to 300 a tz.ui at These thtee rlte• t + Ae'•

ntumber at the 'hoctaw bfite temained re. > h!ab a, CA " the ja04,.C ,!

period. Sigrnifcantl p.rea)e occurred at 'hA Storkvard .ýt abo-ýut fhre''ad

from July to Au*ust 499 This trý sa0ed ,o 1n 4 Ara' of abo0t oTe %< o

less In hathree indivduals per plant. ,.,o'r•cV sA affl, '4 adults were IotT

collected yt the Stockyard 14 te during the September co*lecVton SimilarI

no adult weevils were collected at the Zero Ranch itne follovn.g the ,'- fI

samplIing,

22. The levcl of N affinio apparently •ad little impact on the pýant

populations. For examplea the Choctaw siten which averaged about 200 adult

weevils/od . had plants that increased sAgnificantly in weIh' % i. e a about

sevenfold; Tables 3 and 4). Similarly, the Choctaw site had an approximate

* Personal Communication. F. A. Dray, USiA-ARS, Aquatic Plant 2anagement

Laboratory, Fort Lauderdale, FL.
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sevenfold increase in above-water biomass from July to August (Table T1iis

is in contrast to the no-insect site (Wiun-Dixie), where above-wAter biomas

remained relatively stable during the July and August -sampling (i e ke./za

with significant increases occurring during the September sampling period of

ca. twofold.

23. Based on information on plant and insect population levels gathtred

at Florida sites beginning in 1987, significant impact because of N. a1ir

did not occur until insect levels exceeded 300 individuall/m= for Sustained

periods.* While such levels were attained at the Stockyard site during the

August sampling, numbers of insects were drastically reduced the following

month. At no other site did insect numbers exceed 250/mi.

24. A complicating factor was the presence of native or naturalized

insect herbivores found in association with waterlectuce The most commonly

collected species was S. maultiplicalis. This species a'reragrd approximately

2,000 to 4,000 individuals/m2 compared with only 300 individuals/m" for Winn-

Dixie during the July and August sampling period. However, numbers at the

Winn-Dixie site increased substantially for the September sampling to approxi-

mately 5,000 individuals/mr. It is unknown why higher total insect herbivores

were found at the Choctaw site during the July and August collections, how-

ever, this may be related to the proximity of the site to sugarcane fields

surrounding the bayou at Winn-Dixie. Pesticide applications in these fields

during July and August may have contributed to the lower numbers of S. Multi-

plicalls found at the Winn-Dixie site.

25. Reasons for the presence of N. affinis in Louisiana are unknown.

Possible explanations include: (a) N. affinis populations were already estab-

lished in LoAisiana prior to the Florida releases, (b) N. affhnis migrated

from Flo.ida sites naturally, and (c) infested plants from Australia or some

other country were distributed into this area. However, little credence can

be given to these explanations. For example, past collections by rosearchers

during the early 1960's in the west-Loulsiana/eart-Texas area did not reveal

the presence of N. affinis. Hence, it is difficult to believe it was present

in the United States prior to its release in Florida. While N. affinis can

disperse relatively rapidly from original release sites, the large distances

covered (i.e., from Florida to Louisiana) in such short time periods are

* Personal Communication, F. A. Dray, USDA-ARS, Aquatic Plant Management Lab-
oratory, Fort Lauderdale, FL.
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unrealistic, especially considering the lack of substantial watrlvttucr

populations in the panhandle of Florida and the extZreme southern pout rions ot

Alabama and Mississippi that would aid in their distribution Similarly, th0

odds of infested plants reaching Louisiana intact from Australia or South

America is low. The most plausible explanation is that plar:-ý infested with

N. affinis from Florida release sites were accidentally distcibuted Into this

area. However, even this explanation has little grounds tor complete a4ccrp

tance. For example, the number of release sites with significant population

densities of N. affinis was still low at Florida sites during 1998 and 1984

(Dray et al. 1990). Infested plants would have had to be transported duriitg

this period for insect densities to reach such high levels by summer 1990 in

Louisiana. Hence, the odds of removing infested plants from Florida with

sufficient densities at that time would be low. Other reasons for the pres-

ence of N. affinis in Louisiana are being considered.

26. One piece of evidence is important--N. affinis appears to be lim-

ited in its Louisiana distribution. This distribution is confined to an area

between Raceland, LA, and the Atchafalaya Basin. One would think that if N.

afflnis has been in Louisiana for an extended period, its distribution would

be more extensive. Such a small range in Louisiana would lend credence to the

idea that N. affinis has been in the state for only a relatively short time

frame. More information is needed on the population dynamics of N. affinis.

Future Directions

27. In the immediate future, the distribution of N. affinis in the

United States waterlettuce range, specifically in Louisiana and Texas, will be

enlarged. This will be accomplished by moving infested plants from Florida

and Louisiana to areas where N. affinis is not currently present. Greenhouse-

reared individuals will be used to supplement such range extensions whenever

possible. Efforts will also continue to monitor N. affinis populations dynam-

ics and correlate these with shifts in waterlettuce infestation levels. This

is currently being accomplished in Louisiana and will continue. A release of

N. affInls was made in southeast Texas at Lake Dunlap during September 1991,

and limited observations will continue to be made on the insect's population

dynamics. Additional releases are now being considered.

28. In October 1990, Namangana pectlnlcornis was officially released

from United States quarantine facilities. Releases were made at several sites

10



during 1991. Namangana pecrinicornis is a relatively large moth capabtr )I

inflicting large amounts of damage on waterlettuce (Thompbon and Habeck, I t

Preparation). Greenhouse studies have indicated thar it is highly etec rivt

in producing damage. Future plans include releasing N pecr n rn at sev,-

eral south Florida sites, with subsequent monitoring ot population levels and

efficacy. If this species proves to be effective at initial Florida release

sites, larger scale range extensions will be attempted it, Florida and then iii

Louisiana.

29. Diverse assemblages of native insect herbivores, similar to those

found in Florida, feed on waterlettuce in Louisiana and Texas. These include

the moth species, S. multiplicalis and S. obliteralis. While these species

can inflict iarge quantities of superficial damage, they do not appear to be

capable of reducing population densities. Two native weevil species, T. lem.

nae and S. rufinasus, commonly collected from waterlettuce, are knowi, to feed

and develop on L. minor and Salvinia sp., respectively. These species are

most likely transient on waterlettuce because it grows in association with

L. minor and Salvinia sp. While these species have been observed to feed on

waterlettuce, they inflict only minor damage. The exotic weevil species

N. affinis was collected from several sites in Louisiana at relatively high

population densities. This is surprising since this species was never offi-

cially released in Louisiana and the clocest release sites were in the Gaines-

ville area of Florida. Population densities of >70 individuals/m2 indicate

that the species has been present for at least several years. Reasons for its

presence are unknown but are probably due to infested plant material arriving

from Florida. Population dynamics are currently being monitored in an effort

to assess impacts.
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JULY y2( U. ~ 5~t

August 1 36 , K* y

September 1-1.0 xy , z .

Note, Means that are s ignIt fcAnt At P . U U! • i iie, t-• r•e4:

letters or an asterisk using a I-east SlfllilitAfl c±.t-te

on the standard error of the Mian tram the tP-crarl A.& V ,• 4

ance. An asterisk indicate% signit Iatn, ulitletr-' a, t ý_ uz i-"
sites for a given month, while X And Y A•rf w.zd fr 1. ý1¶
months Appropriate statisti•c for plant A, a F -I d
standard error of the mean - >71. for wetlh~.p•ant stat , a
P < 0.0001 and standard error of the mean - U 00

Table 5

into Above-water. BSlow-water. ansi QedWe

WinDxe(WD) Sites Durn; Jul~? Au-ust and j kjj_2

Partix ....-

Above-water __ ow-Water

July 1.12 c* 4,47 b 0.13 b 0 24 b 0 *a7 b* I 59 *

August 7.30 a* 4.57 b 1.70 a 1.70 a 1.73 a* 0 "N b

September 3.40 b* 7A3 a L,30 a* 1.84 a 1.02 ab 1 ,8 a

Note: Means that are significant at P < 0.05 are indicated by different let-
ters or an asterisk using a Least Significant Difference test based on
the standard error of the mean based on the overall analysis of vari-
ance. An asterisk indicates significant differences across sampling
sites for a given month, while a and b are used to indicate significant
differences for a given site across months. Appropriate statistics for
above-water biomass are P < 0,0001 and standard error of the mean -
0.42; for below-water biomass, P < 0.0001 and standard error of the
mean - 0.16; and for total dead biomass, P < 0.0001 and standard error
of the mean - 0.25.


